Objective: To study the effect of peroxiredoxin 1 (PRDX1) on esophageal squamous carcinoma cells and determine whether it plays a role in regulating the PI3K/AKT signaling pathway. Methods: Three esophageal squamous cell carcinoma cell lines (Eca-109, EC9706, and KYSE150) and one normal cell line (human esophageal epithelial cells) were selected. The protein expression of peroxiredoxin 1 (PRDX1) and the activity of the PI3K/AKT pathway were detected via Western blotting. The proliferation ability of cells was detected through the MTT assay and cell clone formation. Apoptosis was detected using flow cytometry. Subsequently, cells were treated with a PI3K/AKT pathway inhibitor and activator, alone or in combination with silencing of PRDX1, and the above indicators were re-tested. Results: The expression of PRDX1 and activity of PI3K/AKT pathway-associated proteins were higher in esophageal cancer cells than in normal esophageal epithelial cells. Compared with normal human esophageal epithelial cells, the proliferation of the three types of esophageal cancer cells was increased, whereas their level of apoptosis was decreased (p<0.05). In Eca-109 cells (cell line with silenced expression of PRDX1), the expression of PRDX1 was significantly decreased. In contrast to the control group, the proliferation and clonality of cells in the silencing PRDX1 group was decreased, the proportion of apoptotic cells was increased, and the phosphorylation levels of PI3K and AKT were decreased (p<0.05). Compared with the control group, treatment with the inhibitor LY294002 alone significantly inhibited cell proliferation and promoted apoptosis (p<0.05); this effect was similar to that observed in the silencing PRDX1 group. Conclusion: PRDX1 was highly expressed in esophageal cancer cells. Silencing of PRDX1 can inhibit the proliferation of esophageal cancer cells and promote apoptosis. The mechanism involved in this process may be related to the inhibition of the PI3K/AKT signaling pathway.
Introduction
Esophageal cancer (EC) is one of the most mortality malignancies. Esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma are two major histological subtypes of EC, accounting for approximately 90% of all cases of EC. Esophageal adenocarcinoma is more common in Western countries; however, ESCC is the main subtype encountered in the Middle East and Asia. 1 Most patients are diagnosed at an advanced stage and often have metastasis to the lymph node region. 2, 3 The accumulation of multiple genetic/epigenetic changes is often associated with the development of ESCC, including the stimulation of oncogenes or inactivation of tumor suppressor genes. ESCC is a fatal disease, and there are numerous factors that are responsible for its development, such as drinking, smoking, lack of appropriate nutrition, excessive intake of food rich in nitrosamines or mold contamination. [4] [5] [6] The current main treatment for ESCC is surgical resection; nevertheless, tumor recurrence and metastasis after surgical resection occur in most cases due to the high invasiveness of ESCC. This leads to poor prognosis, short median survival, poor postoperative quality of life, and low postoperative survival. 7, 8 In addition to surgical resection, chemotherapy is generally used in combination with chemotherapy for the treatment of ESCC. However, owing to the resistance of tumor tissues to drugs, the therapeutic efficacy of chemotherapeutic drugs is greatly reduced.
9,10
Therefore, there is an urgent need to clarify the underlying mechanisms of ESCC, identify relevant biomarkers, and develop novel and effective treatments. Peroxiredoxin 1 (PRDX1) protein is a key antioxidant enzyme and a member of the peroxidase family, playing an effective role in scavenging oxidants. 11 It has been reported that the expression of PRDX1 is increased in ESCC. In addition, PRDX1 is a tumor suppressor that can be used as an effective prognostic indicator for EC cell carcinoma. 12, 13 The relationship between PRDX1 and the P13K/AKT signaling pathway was rarely investigated in previous studies.
Materials and Methods

Cell Culture
The human ESCC cell lines Eca-109 (BNCC337687; North Natron Biotechnology Research Institute, Beijing, China), KYSE150 (HYC3413; Heyuan Biotechnology Co., Ltd., Shanghai, China), EC9706 (BNCC339892; North Natron Biotechnology Research Institute), and normal human esophageal epithelial cells (HEEC) (BNCC337729; North Natron Biotechnology Research Institute) were maintained in RPMI 1640 (Gibco, Rockville, MD, USA) medium supplemented with 10% fetal bovine serum (Sigma-Aldrich, St. Louis, MO, USA). Cells were cultured at 37°C in 5% CO 2 , and those in the logarithmic growth phase were selected for experiments.
Cell Processing and Grouping
The experiment was divided into the following five groups: blank control group (control), negative control group (lv-NC), silencing PRDX1 group (lv-PRDX1), PI3K/AKT pathway inhibitor group (LY294002), and PRDX1 silencing plus activator group (lv-PRDX1+740 Y-P). The cells in the control group were not treated. In the lv-NC group, the negative control lentiviral vector was used. In the lv-PRDX group, cells were treated with the silencing PRDX1 gene lentiviral vector. The cells in the LY294002 group were treated with 10 µmol/L of LY294002 (HY-10108; MCE, USA). The cells in the Lv-PRDX1+740 Y-P group were transfected with PRDX1 siRNA sequence and treated with 20 μM 740 Y-P (ApexBio, Houston, TX, USA). 
MTT Assay
The cells in each group were seeded into 96-well plates at a concentration of 1×10 4 cells/mL. After incubation for 24, 48, 72, and 96 h, MTT (20 μL; 5 mg/mL) was added, and the cells were cultured in an incubator at 37°C with 5% CO 2 . After 4 h, the supernatant solution was discarded, and dimethyl sulfoxide (200 μL) was added (SigmaAldrich). Subsequently, it was blown evenly, and the absorption value (optical density value) in each well was measured at the wavelength of 490 nm using Bio-Rad Laboratories (Hercules, CA, USA).
Plate Cloning Experiment
Each group of cells in the logarithmic growth phase was trypsinized to prepare a single cell suspension, and the concentration of cells was adjusted. Each cell suspension (2 mL) was seeded into a flat-bottom six-well plate (500 cells per well), and three replicate wells were prepared for each group. The cells were evenly dispersed by shaking the plate, and incubated at 37°C, 5% CO 2 , and saturated humidity. Following the appearance of macroscopic clones in the culture plates, the culture was terminated, the medium was discarded, and the cells were carefully washed twice with phosphate-buffered saline (PBS). The cells were fixed with methanol for 15 min at room temperature. Subsequently, the fixative was discarded and the cells were stained with Giemsa staining solution for 10-30 min. The stain was gently washed off with running water, the cell cultures were allowed to dry at room temperature, and the number of formed clones was counted.
Flow Cytometry
The cells were trypsinized, centrifuged (1000 rpm, 5 min), and the collected cells were washed twice with pre-cooled sterile PBS at 4°C to obtain a total of approximately 1×10 6 cells/mL. The cells were resuspended in 250 μL of 1× binding buffer. Fluorescein isothiocyanate-labeled Annexin-V (5 μL) was added to 195 μL of the cell suspension. The cell suspension was gently mixed and maintained at room temperature for 3 min. The cells were incubated for 10 min at room temperature in the dark. Subsequently, 1× binding buffer (400 μL) was added, and the cells were gently mixed and placed in a flow cytometer (Gallios; Beckman Coulter, Inc., Brea, CA, USA). for detection. The results were analyzed using the Cell Quest software (BD Biosciences, San Diego, CA, USA).
Western Blotting
Western blotting was used to detect the expression levels of PRDX1, p-PI3K, PI3K, AKT, and p-AKT in each cell line. Each group of cells was collected, and the total 
Real-Time PCR
Total RNA was extracted from each cell line using the total RNA extraction kit (Invitrogen). After transcription into cDNA, cDNA template (2 μL) was added, and the realtime PCR reaction was performed under the following conditions: 95°C for 10 min, 95°C for 15 s, 57°C for 10 s, amplification for 40 cycles. The glyceraldehyde-3-phosphate dehydrogenase gene (MQP-0202; Guangzhou Ruibo Biotechnology Co., Ltd., Guangzhou, China) was used as the internal reference, and the relative expression of PRDX1 was calculated via the 2 −△△Ct method.
Statistical Analysis
The SPSS version 19.0 statistical software was used for the statistical analysis of data. The results were expressed as the mean ± standard deviation. The t-test was used for data analysis between two groups. The data of multiple groups were analyzed through analysis of variance, and the least significant difference test was used for subsequent analysis. A p<0.05 indicated statistically significant difference.
Results
Detection of the Proliferation and Apoptosis of Human ESCC Cells and Normal HEEC
As shown in Figure 1 , the results of the Western blotting analysis showed that the expression of PRDX1 in three ESCC cells was significantly higher than that observed in normal HEEC; the difference was statistically significant in Eca-109 cells (p<0.05). The phosphorylation levels of PI3K and AKT were significantly elevated in the three ESCCs compared with HEEC (p<0.05).
The results of the cell biological behavior test showed that the viability and proliferation of EC cells were significantly higher than those of normal HEEC, whereas the rate of apoptosis level was markedly lower; the difference was statistically significant in Eca-109 cells (p<0.05).
Silencing of PRDX1 Inhibits the Proliferation of Eca-109 Cells and Promotes Apoptosis
Eca-109 cells were used for the experiment, as shown in Figure 2 . After transfection of Eca-109 cells with PRDX1 siRNA, the mRNA expression levels of PRDX1 were clearly downregulated (p<0.05). In comparison with the control group, the proliferation and colony formation abilities of cells in the lv-PRDX1 group were significantly decreased, whereas the rate of apoptosis was markedly increased (p<0.05).
Silencing of PRDX1 Reduces the Activity of the PI3K/AKT Pathway
Western blotting was used to detect changes in the activity of the PI3K/AKT pathway after silencing PRDX1. As shown in Figure 3 , the phosphorylation levels of PI3K and AKT in the lv-PRDX1 group were significantly reduced (p<0.05), while the total protein content was not visibly changed compared with the control group.
Silencing of PRDX1 Inhibits the Proliferation of Eca-109 Cells and Promotes Apoptosis by Decreasing the Activity of the PI3K/AKT Pathway
We further investigated whether the effect of PRDX1 on the proliferation and apoptosis of ESCC involves the PI3K/AKT signaling pathway. Cells were treated with the inhibitor LY294002 to inhibit the signaling pathway, and in combination with the activator 740 Y-P on the basis of silencing PRDX1. The effects of this treatment on Eca-109 cells were re-examined. The experimental results are shown in Figure 4 . The proliferation and clonality of cells treated with LY294002 were significantly decreased, the proportion of apoptotic was increased, and the protein expression levels of p-AKT and p-PI3K were decreased (p<0.05) compared with those of the control group. The effect was similar to that observed in the lv-PRDX1 group. In comparison with the lv-PRDX1 group, the cells were treated with the activator 740 Y-P on the basis of silencing PRDX1. The proliferation ability of the lv-PRDX1 +740 Y-P group was significantly enhanced, the number of apoptotic cells was decreased, and the phosphorylation levels of p-AKT and p-P13k were increased (p<0.05).
Discussion
PRDX1 plays an important role in hydrogen peroxidemediated cell signaling. It is a peroxide scavenger in mammalian cells, and associated with poor prognosis in several types of human cancer. The overexpression of PRDX1 in osteosarcoma and fibrosarcoma tumors can inhibit the invasion and migration of these cancerous cells, and retard tumor progression. 15 During myocardial ischemia/reperfusion damage, PRDX1 can also reduce myocardial apoptosis through the reactive oxygen species-activated mitogen-activated protein kinase pathway. 16 According to autophagy studies, PRDX1 can negatively regulate the signaling and autophagy functions of toll-like receptor 4 activated by nuclear factor-κB by inhibiting the activity of tumor necrosis factor receptor-associated factor 6 ubiquitinligase. Moreover, it can enhance bactericidal activity and inhibit the invasion and migration of tumor cells. 17 Among the proteins identified by proteomics for ESCC, PRDX1 is considered a tumor-associated antigen for EC cells. In the present study, PRDX1 was shown to be a tumor suppressor gene that is highly expressed in three ESCC cell lines. Further experiments showed that the proliferation and clonality of the three ESCC cells were significantly higher than those reported for HEEC, whereas the number of apoptotic cells was significantly lower. It has been shown that the P13K/AKT pathway is related to the proliferation, migration and invasion of ESCC. 18 In the P13K/AKT pathway, following the activation of PI3K, 3,4,5-phosphatidylinositol trisphosphate phosphorylation is catalyzed and the protein kinase AKT is activated to promote the growth and proliferation of cells. 19 Our investigation of the specific mechanism of PRDX in EC cells showed that the effects of silencing PRDX1 alone and adding the P13K/AKT pathway inhibitor alone were similar. Both interventions inhibited the proliferation and clonality of ESCC cells and increased the rate of apoptosis. However, in combination with an activator of the P13K/AKT pathway on the basis of silencing PRDX1, the inhibitory effect on tumor development is offset. The results of the present study showed that silencing of PRDX1 inhibited the activity of the P13K/AKT pathway, thereby inhibiting the proliferation of ESCC cells and promoting apoptosis. However, the specific mechanism involved in this process remains unclear. In this study, we focused on the effects of PRDX1 on the proliferation, clonality, and apoptosis of ESCC cells. However, the role of PRDX as a clinical marker for clinical diagnosis and prognosis has not been examined thus far. After confirming the role of PRDX1 in subsequent experiments, we will focus our research on its usefulness in tumor identification. The aim of these future studies would be to utilize PRDX1 for the prompt detection of the occurrence of tumors and early initiation of appropriate treatment to improve the survival of patients.
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